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Introduction
1 Real estate investment funds (REIFs) allow investors to convert real estate assets, which are typically hard to exchange, into units of financial products. In Italy they are established and managed by asset management companies (società di gestione del risparmio -SGRs) supervised by the Bank of Italy in cooperation with Consob (Commissione Nazionale per la Società e la Borsa -Companies and Stock Exchange Commission). In particular, the Bank of Italy receives supervisory and statistical reports regarding all the REIFs established by Italian management companies (for more detailed information on these data see the Bank of Italy (2009)).
Italian real estate funds are closed-end funds that give investors the right to redeem the units only at predetermined intervals, under specific circumstances and for limited amounts. This feature reduces the liquidity problems that might otherwise arise if a real estate fund functioned as an open-end fund, by allowing investors to request the redemption of their units at any time (see Bannier et al. (2007) and Schweizer et al. (2011) ). In spite of that, Italian real estate funds are exposed to different types of risk: property, economic and liquidity risks are interconnected and associated with the credit market conditions and financial constraints (including debt repayment obligations and capital reimbursements).
In 2009, in addition to the supervisory and statistical reports, the Bank of Italy (see the Bank of Italy (2010a) and the FSB (2011)) requested that all SGRs managing REIFs provide detailed data on the financial structure of funds and conducted an analysis of three aspects: (1) the financial profile; (2) income structure, and; (3) property price behaviour of each REIF. In particular, the analysis of the property price behaviour, the most challenging of the three, allowed us to calculate a three-year probability of default (PD) for each fund under different scenarios for the real estate market. The analysis aimed to detect the riskiest funds, taking into account the interrelations between structural and market risks. The ultimate aim was to select funds for an in-depth examination from a supervisory perspective. In this paper, we update the analysis based on supervisory data to June 2010.
The Italian REIF market has been analyzed in the literature from various perspectives. For example, Maggio and Vivoli (2009) described the evolution of the Italian REIFs, their legal regime together with their regulatory framework and main characteristics. Colombo and Marcelli (2009) presented the results of a survey on asset valuation practices of real estate funds, and explored the methodologies, assumptions and risks considered in the appraisal process, and the way in which an SGR interacts with appraisers (also called independent experts). Furthermore, VV.AA. (2009) provided an overview of these products, analyzing the market structure, the risks connected with these instruments and the results of an analysis based on fees, liquidity and risk measures to explain the net asset value (NAV) discount of 22 listed funds.
However, only a handful of research papers have studied with a quantitative approach the Italian REIF market. Morri and Benedetto (2009) 
studied Italian listed
REIFs and developed an econometric model to explain the well-known closed-end fund puzzle (see Ross (2002) ), i.e. the reason why Italian listed REIFs generally trade at a discount to their NAV. In another paper, Morri and Lee (2009) analyzed the risk-adjusted performance of 17 funds. Giannotti and Mattarocci (2009) identified different factors, principally based on portfolio characteristics and debt policies, for the valuation of the risk exposure. Recently, Biasin et al. (2010) investigated the influence of the Italian listed REIF governance and regulatory structure on the market prices discount to NAV. This paper sets out to: (1) give a detailed insight into the Italian REIF market; (2) analyze the market structure; (3) construct a price and total return index based on the returns of the property assets held by the funds; (4) define a risk assessment based on their financial profile, income structure and property price behaviour.
The risk assessment process we propose is intended as a tool for the detection of REIFs for which more intense supervision is necessary in order to have a complete understanding of the funds' risk. Supervisors can request ad-hoc information from fund managers to get a better idea of the financial situation of a single fund and the future cash flow behaviour predicted in the business plan.
The remainder of this paper is organized as follows. In Section 2 we briefly describe the Italian REIF market. In Section 3 we compute the return of real estate assets held by the funds and consider some financial indicators connected with these kind of products, as well as the distinctive traits and performance of the Italian market. In Section 4 we propose a risk assessment of three different aspects:
(1) the financial profile; (2) income structure, and; (3) property price behaviour of each REIF. Section 5 concludes.
Funds data and market structure
In our study we consider supervisory and statistical reports sent by management companies to the Bank of Italy regarding all REIFs. The dataset contains historical balance sheet information, and portfolio and financial data (see the Bank of Italy (2009)). Furthermore, Euribor, daily data of listed REIFs, Scenari Immobiliari (ISI) and Investment Property Databank (IPD) indexes are obtained from Bloomberg. Unfortunately, there are few data providers on the Italian property market and the time series are relatively short. The analysis of residential properties proposed by Muzzicato et al. (2008) cannot be taken into consideration since most of the funds have only a small part of their portfolio invested in residential properties. The most authoritative data provider in this sector is the Italian Territorial Agency, set up as a consequence of the Ministry of Economy and Finance reform. It holds documents and information related to the real properties register. Other data providers include: Il Consulente Immobiliare, ISI, IPD, and Nomisma. However, since the statistical reports do not contain all the information on the properties characteristics, it is difficult to integrate the property register data with the data at the fund level.
In this paper we propose a method for evaluating the risks of the Italian REIF market, but we neither discuss the appraisal methods used in the valuation of the assets nor do we perform a comparison analysis to check if properties are overvalued or undervalued. In particular, we analyze some characteristics of the market mainly based on the data the Bank of Italy receives twice a year. We follow this approach also because it is based only on certified and homogeneous data.
In Italy, REIF activity involves different entities: (1) the asset management company that manages the fund; (2) the external and independent appraiser, who twice a year evaluates the properties held by the funds; (3) the depository bank which is responsible for keeping the securities and ensuring the fund's liquidity and may also be responsible for the periodic valuation of fund units; (4) finally, the Italian stock exchange for listed funds.
In 1994 REIFs were introduced in Italian legislation. A REIF can be established only after the approval of the fund rules by the Bank of Italy. Fund must to comply with a number of rules regarding investment thresholds and risk concentration, portfolio allocation and the maximum permissible debt ratio (the amount of debt cannot exceed 60 per cent of the value of real estate assets and 20 per cent of other investments). However, exceptions to the prudential rules are provided for funds reserved to qualified investors. Further exemptions are envisaged for the so-called speculative (or hedge) real estate funds that are allowed to exceed the debt limit of 60 per cent of the value of the property; for these funds there is a minimum subscription of 500,000. The main difference between Italian legislation and that of other countries is that real estate products intended for qualified investors are also subject to prudential regulation even if at times they are more similar to separate accounts than to mutual funds, since some of these funds have a small number of investors. Real estate held by funds are evaluated twice a year by external and independent appraisers. Nevertheless, fund managers remain fully responsible for real estate evaluation and they are not obliged to comply with the appraiser's evaluation.
In order to guarantee small investors the possibility of liquidating their investment in the fund, Italian law states that if the unit is less than 25,000, an application for listing on the Italian Stock Exchange (Borsa Italiana) must be filed within 24 months after the closing of the initial offer.
Operational constraints in the legal regime introduced in Italy in 1994 have hampered the growth of these vehicles. However, since 1999 the legal framework has been modified on several occasions, stimulating the development of REIFs, in particular, through the introduction of favourable tax rules. Also for these reasons, in Italy in the last decade there has been significant growth of these products: the number of funds increased from 3 in 1999 to 281 at the end of June 2010. The history of the Italian REIFs can therefore be divided into two main periods: from 2000 to 2004, when the REIF market was dominated by retail products; from 2005 onwards, when the funds intended for qualified investors sharply increased in number.
Italian REIFs are not subject to IRES (corporate income tax) or IRAP (local tax based on productive activities). However, investors (institutional investors, foundations, public agencies, or private investors not holding more than 5 per cent of the shares in the fund) are taxed at a rate of 20 per cent (compared to 12.5 per cent until 2008) on income derived from participation in the funds. The tax is levied on the basis of periodical reports. In 2008 a wealth tax of 1 per cent of net asset value was introduced for a particular subset of funds, that is, for those with a small number of participants and for the so-called "family" funds. In 2010 this tax rule was repealed. However, a more restrictive fiscal regime remains for investors (other than institutional investors, foundations or public agencies) holding more than 5 per cent of the shares in the fund. Notwithstanding the financial crisis, the number of REIFs continued to increase between January 2008 and June 2010. The number of active funds at the end of June 2010 amounted to 281 (27 retail, 179 reserved and 75 hedge, as shown in Table  1 ). The number of asset management companies managing this type of vehicle was 54 at the end of June 2010. These SGRs mainly belong to banking groups but there are also property market operators (Italian and foreign) and private individuals with professional experience in the field. In recent years, the market concentration has significantly decreased, due to the entry of new operators.
Most of the funds buy properties and lease them, sometimes after significant restructuring initiatives and after enhancing the property portfolio to make them more suitable to lease. However, almost one third of the Italian REIFs are focused on real estate development (we refer to them as development funds): during the construction or restructuring phase, the funds bear the cost of debt but do not generate incomes. Thus, the riskiness of these funds may be higher, especially during property market downturns. In the following paragraphs we will consider a subset of 131 funds (27 retail, 82 reserved and 22 speculative) composed of nondevelopment funds operating for at least two years, and we refer to them as classical REIFs. Table 1 ), 2 about 10 per cent of the total assets of the Italian mutual funds industry. By size of assets managed, Italy is the fourth European market, after Germany, Holland and Britain, according to Scenari Immobiliari (2010) . In recent years, the NAV of the Italian funds has sharply increased (by more than 22 billion from December 2003 to June 2010), mainly reflecting the entry of new funds.
The portfolio of 47.8 billion held by Italian REIFs is mainly invested in properties (87 per cent of the total). These properties are mostly situated in Italy and only a small fraction is in other countries. Figure 1 shows that investments are concentrated in the central areas or in the North-West. Furthermore, over 90 per cent of the value is attributable to property for non-residential use (such as offices and assets for commercial, industrial and logistic use). As far as the sector risk is concerned, there are no discernible differences in terms of characteristics of real estate assets among the different types of real estate funds (retail, reserved and hedge). However, retail funds are highly focused on offices and commercial properties and less so on the residential ones, as shown in Figure 2 . In recent years, interest in the tourism and entertainment sector has grown. Figure 3 shows the behaviour of the price and the total return indexes of Italian REIFs with their basis equal to 100 at the end of 2003. The indexes are computed using REIFs balance-sheet data, according to the procedure described in Section 3.1. The price index is compared with the Italy ISI Property Price General Index developed by Scenari Immobiliari and the IPD Italy Capital Growth All Property Index developed by IPD. We then compare the total return index with the IPD Italy All Property TR developed by IPD. The differences in the trends of the indexes may be due to the composition of the real estate assets in the portfolio considered in the indexes construction. 
Listed real estate funds in Italy
In this section we briefly describe the secondary market of the Italian listed REIFs. On 31 October 2010 there were 23 retail REIFs traded on the Italian stock exchange (in the telematic market of investment vehicles -MIV). Critical aspects of listed real estate funds include their frequent lack of liquidity caused by a small number of trades, which can have a distorting effect on price formation mechanisms; marked differences between bid and ask prices; and situations of extreme volatility when specific events occur. Various liquidity indicators confirm that there is a limited liquidity in the market where these products are traded. A second feature of the market price of the shares of Italian REIFs, strictly related to liquidity, is the difference between market prices and their book values. The market prices are systematically lower than the NAV indicated in the balance-sheet report of the funds: this phenomenon is known as NAV discount. This discount usually appears after the fund's listing and tends to decline (and the market price to converge to the NAV) during the winding up before the shares are repaid to subscribers.
If we recall that the net asset value (NAV) is defined as the difference between total assets and total liabilities of the funds, then the NAV discount at time t is defined as
where M t and N AV t indicate the market price and the NAV at time t, respectively. The median of the so called NAV discount from 31 December 2003 to 31 October 2010 is drawn in Figure 4 . In Italy the gap between the market price and book value of shares is large on average; during the crisis it widened significantly, reaching levels of above 50 per cent, and at the end of the period considered it was around 40 per cent. During market downturns the REIF market was highly correlated to the stock market: this relation has not been always true in the past. Only a few research papers have studied the Italian market of listed real estate funds, principally in order to explain the NAV discount (see Morri and Benedetto (2009) and Biasin et al. (2010) ). Liquidity, operating costs and fees, funds' characteristics, and financial leverage are all factors that drive the dynamics of the discount (see also Schweizer et al. (2011) ). However, even if academia has proposed different explanations for this market phenomenon, discussions with financial practitioners as to why this discount exists suggest that there is no general consensus on the matter and it remains a puzzle. In general, the correlation between REIF returns is positive. Figure 4 shows the heat map related to the correlation matrix estimated by considering weekly REIF returns of 21 funds from 11 December 2006 to 31 October 2010. The figure shows that there are two funds that are less correlated to the market in comparison with all the other remaining funds (see in Figure 4 the darkest vertical lines corresponding to the 7-th and 8-th fund). A principal component analysis (see Rachev (2007)) on funds' returns 4 shows that the first three principal components account for 49 per cent of the variation, indicating that common drivers govern only half of the variation and other factors specific to each single fund drive the remaining variation.
Estimation of returns, costs and risk parameters
Our risk analysis requires the preliminary estimation of certain parameters. As observed in Section 2, the historical time series of property prices available from data providers cannot be used in this context. In order to overcome this lack of data, one solution is to compute the indicators of interest directly from REIF supervisory and statistical reports by considering the methods proposed in the following sections. More precisely, in Section 3.1 we propose a method for extracting price and total property returns, at fund and at sector level, and in Sections 3.2 and 3.3 we consider some useful indicators computed by looking at balance-sheet information.
Property prices, total returns and volatilities
REIF returns are required to estimate important parameters, such as the real estate price rate of growth as well as price volatility (see Baroni et al. (2007) ). In our analysis, they are computed from the time series of property values, purchases and sales, rents and property costs, by considering for each single fund the following criteria
where r t is the return of a certain fund between time t − 1 and t, P t and P t−1 are the total value of real estate assets at time t and t − 1, S [t−1,t] is the value of real estate assets sold between t − 1 and t, B [t−1,t] is the value of real estate assets bought between t − 1 and t, and L [t−1,t] are the rents between t − 1 and t net of all property costs. A similar formula was applied by Investment Property Databank (2008) . If one assumes for the numerator of the ratio in equation (2) that the component L [t−1,t] is equal to zero, the price return is obtained, otherwise the total return is computed. In practice, it is possible to calculate both price and total returns. As a consequence, we can compute a volatility σ P , related to the price returns, and a volatility σ T R related to the total returns. In the risk assessment process described in Section 4.3.2, we will consider only price returns.
Furthermore, we use the formula in equation (2) to compute a price index of the Italian REIF sector and a total return index (see Figure 3) . This means that we use the previously defined variables P t , P t−1 , ,t] by considering data on all Italian REIFs, instead of at the single fund level. As done for each single fund, we take into account only the property values in the computation of the price index (indeed, we assume L [t−1,t] = 0), and we consider the rents net of all property costs in the computation of the total return index.
Cash flows and other indicators
In this section we empirically study some indicators useful in describing different aspects of funds' cash flows. Some of the indicators we compute depend strictly on the portfolio trading activity (property purchases and sales), therefore we will consider the mean values of the real assets in the portfolio (NAV and debt, respectively) of each fund between the time t − 1 and t, and we refer to it as P (t−1,t) (N AV (t−1,t) and Debt (t−1,t) , respectively). The subscript (t − 1, t) means that the average of the two values at time t − 1 and t is taken, and, similarly to Section 3.1, the subscript [t − 1, t] refers to the flow between t − 1 and t. The variables we examine are defined as follows:
measure the percentage of rents and total property expenses with respect to the mean value of properties between the time t − 1 and t;
measure the percentage of total fund fees and the return on equity (ROE) with respect to the mean value of NAV from t − 1 to t; 
ROE
is the cost of debt defined as the ratio between the interest paid and the average amount of debt between the time t − 1 and t; finally,
is the financial leverage, that is the well-known ratio between the total assets and the net asset value. These indicators measure the earnings and the expenses, fees and financial costs, the fund's profitability and the level of indebtedness with respect to the invested capital. The indicators dynamics from the end of 2004 to the end of 2009 are shown in Figure 5 : the median values are in black, the mean values in blue, and the strips between the red lines contain 70 per cent of the analyzed funds. In these pictures classical REIFs active for at least two years are considered. We point out that the more extreme values (the quantiles) may be affected by the changing financial structure between t − 1 and t. Retail funds have shown larger and more stable values of I Rentt with smaller leverages. It is interesting to see the trend of the one-year moving average of the Euribor 6 Months compared to the median cost of debt of REIFs: the spread is not far from constant over time. We also find that the ROE relative to retail products has been in general less volatile, although it has suffered from the negative cycle in recent years. However, in the long-term it remains, in most cases, positive. As expected, the recent financial crisis has affected both the financial drivers and the market value of REIF assets.
Profitability indicators
In this section we compute the internal rate of return (IRR) of investors as the rate r Investors which satisfies the following equation
where t 0 , t 1 , . . . , t n = T are the time steps (the end of each semester) and Div t i the dividends received at time t i . This rate strictly depends on the final value of the total asset Asset T and on the fund's performance during its life. There are two possible approaches that can be taken in order to evaluate these rates: (1) we can compute a current IRR based on the historical observed data up to time T , Asset T , Liabilities T , and Div t i (that is, a deterministic or realized IRR); (2) we can use historical observations to simulate future values of the variables of interest Asset T , Liabilities T , Div t with t > T (that is, a stochastic or expected IRR).
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In equation (3) it is implicitly assumed that Asset T is a correct estimate of the property portfolio value, thus, that a cash amount equal to Asset T can be obtained by selling all properties. For listed funds, the initial investment may not necessarily be equal to N AV 0 , since fund shares can be bought at time s (with s > 0) at price M s < N AV 0 . Furthermore, investors can sell their shares at time t before the fund liquidation at time T with t < T , and, thus, in equation (3) the market price M t has to be considered instead of Asset T − Liabilities T . The IRR depends on the fund's capacity to generate positive incomes. In any case, it measures only the profitability of the investment without taking into consideration its risk factors (e.g., leverage, geographical and sector risk). Nor is it a proper performance measure, because it is not adjusted for the risk of the real estate portfolio.
The estimates of the current IRR for all 131 classical REIFs show a median annual value of 2.43 per cent (25 th quantile −2.35 per cent and 75 th quantile 8.62 per cent) for r Investors . We obtain more positive rates with respect to negative ones, indicating, with some exceptions, a positive performance over the observed period. The presence of funds with final NAV much smaller than the initial NAV, mainly due to the impairment of property values, heavily affect the mean values estimate. As shown by the above estimates, the IRR distributions are asymmetric with some negative tail events. Furthermore the IRR value also depends on the market situations when the funds start being operative or when the fund has to be liquidated.
Risk measurement
REIFs are exposed to different types of risk. As already observed, property and economic risks, connected with the real estate market, have to be analyzed by taking into consideration the financial structure of the fund and credit market conditions. As far as the financial structure is concerned, one crucial variable is leverage, i.e. the ratio between total assets and NAV. This variable differs among REIFs: at June 2010 leverage was 1.51 for retail REIFs, 1.67 for reserved REIFs and 3.54 for speculative REIFs. Lenders are exposed to high levels of credit risk caused by highly leveraged funds. Moreover, they are exposed to interest rate risk. From the fund's perspective, there are loans that, more then others, could condition the ordinary fund management: short-term loans, which may be not renewed at maturity, and loans with covenants (see Section 4.1). Fund managers must pay attention to these constraints and to the economic and financial equilibrium of the fund both during its life and when it is liquidated (and its units have to be repaid). A REIF may opt to extend its maturity: it is no longer necessary to ask the Bank of Italy for a "grace-period" during which the SGR can complete the sale of the properties but cannot implement new investments. Indeed, before the expiry of the fund, by resolution of the board of directors and with the assent of the committee of subscribers, the SGR can deliberate an extension of the fund not exceeding three years. As we pointed out in Section 2, there are also risks associated with funds' operational features. Developing funds are usually riskier than classical ones and negative real estate cycles may exacerbate their risk. During construction and revaluation phases, a developing fund bears debt costs (the mortgage may depend on the percentage-of-completion of the works) but do not generate revenues; thus, it is more exposed to potential shocks. Revenues are generated when the properties are sold.
In general, the risks of investing in real estate assets are of various kinds and principally depend on: -the real estate market price volatility; -the level of liquidity of the market (like the first factor, connected to the type and location of properties);
-the level of indebtedness of the fund;
-the structure of loans (principally their maturity, interest rate type -fixed or variable -, and the existence and type of financial covenants); -general and local economic conditions;
-credit risk associated with the tenants;
-volatility of interest rates and availability of financing;
-changes in laws and regulations;
-legal risk;
-unforeseen damages.
A proper assessment of REIF risks should take into consideration all of the above. As already discussed, we do not perform a property-by-property analysis, but rather we study the REIF sector as a whole. For this reason, we have defined some financial indicators, which allow us to monitor the trend of the entire market. We do not specify property type in our study since only a small portion of the investments are focused on certain sectors, and we do not directly measure the credit risk associated with tenants. However, part of this risk can be analyzed through data related with rents.
To estimate the intensity of most of these risks and their interrelation, in the following Sections 4.1, 4.2 and 4.3, we analyze: (1) the financial profile of the funds, by focusing our attention on the debt structure; (2) the income structure by looking at inflows and outflows, and finally; (3) the market risk of property values in connection with the fund's liabilities. Based on the results, we can analyze the sustainability of each single fund as well as of the entire REIF sector.
Financial profile
The analysis of the REIF financial structure must consider three different aspects:
1. short-term financial positions in respect of expected short-term cash flows; 2. short-term loans as a proportion of total loans; 3. loans with covenants in respect of total loans, and, for each fund, analysis of covenants and their possible financial impact.
A covenant is a sort of promise in a debt agreement. A loan agreement may contain covenants that deal with financial ratios. In order to comply with the agreement, the borrower is required to maintain one or more financial ratios above or below a stated threshold. If a covenant is breached lenders can exercise their right to demand repayment before the loan's normal maturity date. The most commonly used financial ratios are the loan-to-value ratio (total loans / property fair value) and debt service coverage ratio (net operating income / debt service). If, on the one hand, covenants mitigate the credit risk borne by lenders, on the other hand in difficult situations the manager may be forced to sell assets in order to obtain liquidity to repay the loan. From this perspective, covenants can be seen as an additional source of risk for the REIF. Moreover, unexpected and protracted contractions of real estate prices may trigger financial covenants in the borrowing agreements between banks and REIFs, and could in theory lead to serious financial difficulties not only for REIFs but also, to some extent, for the lending banks.
Maturity gaps (calculated by considering both balance-sheet data and expected cash flows), a high percentage of short-term loans and loans with financial covenants with respect to total loans weaken the financial structure of a fund and indicate liquidity needs. Liquidity can be obtained in different ways: by restructuring the loans or underwriting new loans (credit capital), by recalling the commitments undertaken by investors (equity capital), or by selling property assets. Especially during market downturns, credit and equity capital is expensive and difficult to find, and, if the property market becomes illiquid, the forced selling of property assets may be particularly disadvantageous.
A weak financial profile does not necessarily indicate a disequilibrium. Consequently, this financial analysis is intended as a tool for the detection of REIFs requiring in-depth supervision, to clarify their real financial situation. An illustration of how this kind of indicators is used by the supervisory authority for Italian REIFs can be found in Bank of Italy (2010a, pp. 229 and 251-252), Bank of Italy (2011a, p. 249) and FSB (2011, pp. 36-38).
Income structure
In this section we focus on ordinary cash flows, to measure the funds capacity to generate positive incomes. In practice, we look at the difference between inflows and outflows: for classical REIFs, rents are the major source of inflows, while operating expenses and interest payments are the major source of outflows. For each fund, we extract this difference from the financial statement and check whether it is positive or not. A fund registering a negative value for more than one year shows a weak income structure, and cash flows may be compromised to the extent that the property asset no longer services the debt. We point out that during the start-up of the fund, this difference can be negative and turn to positive as the fund becomes fully operational. In general, a fund with a inflows-outflows mismatch is on the way to encountering financial problems and may need capital.
In Figure 6 we report the number of funds with positive and negative ordinary cash flows and the total amount of these cash flows observed in the period between 2003 to 2009. 6 The sign of the cash flows depends also on the structure of the fund: most retail funds present positive values, while most of the remaining funds present negative values. As shown by some development REIFs, negative values can be compensated by an appreciation of the property portfolio (this can also be true for some classical REIFs). Classical REIFs present better cash flows than the whole sector. However, also for the whole sector the amount of positive cash flows has always been greater than that of the negative ones, showing a positive performance of the Italian REIF market as a whole. In Figure 6 (below) we report the boxplot of the ratio between cash flows and NAV for retail funds: they present, in some cases, a positive performance over time. The same may not be true for those funds having a shorter period of activity and with a different investment strategy with respect to retail funds.
Here we analyze historically observed cash flows. We do not take into consideration future cash flows estimated in the business plan within a time horizon of 12 or 24 months. An analysis of this kind can be conducted only if we have access to prospective property-by-property data. For an application to 2009 data on Italian REIFs, see Bank of Italy (2010a, pp. 229 and 251-252) . On the bottom the box-plot of the ratio between cash flows and NAV for retail funds is shown: on each box, the central mark is the median, the edges of the box are the 25th and 75th percentiles, the whiskers extend to the most extreme data points not considered outliers, and outliers are plotted individually.
Property analysis 4.3.1 Default probabilities using Monte Carlo methods
The forecasting of the future behaviour of the price of financial instruments is an essential activity in the implementation of risk management and portfolio allocation. Monte Carlo methods are a widely used tool to forecast the future dynamics of these instrument: the risks of an investment are usually inferred from past observed patterns. Even if the limitations of this method have been well documented in the academic literature, as well as among regulators and risk managers, in most cases it is the only way to proceed. Monte Carlo methods, also known as stochastic simulation (or scenario generation) methods, have been widely studied and applied to finance, principally to price financial instruments, and to risk evaluation and portfolio allocation (see Jäckel (2002) among others). Furthermore, these methods have been used successfully to deal with uncertainty in valuing real estate assets (see MacFarlane (1995) and Hoesli et al. (2006) ).
The structural model proposed by Merton (1974) , and enhanced by Black and Cox (1976) is widely used among practitioners and ratings agencies (see Dwyer and Qu (2007) , Liu et al. (2007a) and references therein) and has also been applied to real estate finance by Liu et al. (2007b) and Kau et al. (2009) to estimate default probabilities of commercial mortgages. In the empirical study we analyze a contingent-claims model where the trigger event is given by the first time the property value falls below the debt value (see also Capozza et al. (1998) ). Given the property value at time t, the trigger event is defined as the time τ such that
with the asset value process A t and the debt process D t defined as
where r is the cost of the debt, X t is a given process with zero mean and m describes the trend of the process A t . We consider two distributional assumptions for the modeling of X t : (1) a classical model, where asset returns are normally distributed; (2) a non-normal model, where asset returns are distributed according to a normal inverse Gaussian (NIG) distribution (see Appendix A). Since balance-sheet reports are available only twice a year, we consider a discretely monitored framework and the default can occur only at the end of the semester. The default probability (PD) is defined as
where T is a given time, in our case three years. The PD is a function of the property assets and of the net debt: the former behaves randomly, the latter is a deterministic function of the time t. In practice, there are two approaches to computing the default probability, involving the performance of: (1) a Monte Carlo simulation algorithm and checking at the end of each semester if the asset value is above or below the debt value; (2) a backward induction, making it possible to compute the default probability using a recursive form. However, we do not apply this second method in our empirical study, since we deal with only six monitoring dates. If there is the possibility of considering a larger number of monitoring dates, it may be useful to employ more sophisticated methods to evaluate equation (6), as described by Kou (2008) . We point out that if the REIFs are sorted by increasing leverage or by increasing PD, the same ranking is obtained. However, the PD analysis allows us to measure the credit risk with respect to different scenarios.
With regard to the dataset used for the PD computation, we emphasize the following. In theory, three different sources of randomness should be considered: one driving real estate prices, two driving cash flows (respectively, positive and negative). Nevertheless, we do not have a sufficient number of data at our disposal in order to estimate a model that assumes three different random variables. For this reason we implemented the model by assuming only one source of randomness. In practice, we use only one random variable that drives the behaviour of price returns and we make a simple assumption about the cash flows' behaviour. Indeed, cash flows are implicitly assumed to be a deterministic function of the time t and they can only influence the trend of the assets (m in equation (5)). As described in Section 4.3.2, we assume various stress values for the parameter m. In a way, these stress scenarios on m also incorporate a stress on the cash flows. Moreover, we suppose that the fair value of the properties, estimated taking account of independent appraisers' evaluations, reflects the revenues that can be derived from the sale of the properties. We do not consider possible estimation errors in the model. Nor do we consider illiquidity or instability in the real estate or credit markets, which can reduce the proceeds of sales compared with the balance-sheet value. These uncertainty factors are intended to be incorporated into the stress scenarios. Finally, we assume a stress situation where investors are unable to meet the underwriting commitments and debt includes only the liabilities directly attributable to the funds, but not the debt of the subsidiaries.
The empirical study
In our empirical study we estimate the model parameters by considering the optimization problem described in the Appendix (see equation A.5). Funds property price returns are computed according to equation (2). Since we consider half-yearly data between December 2003 and June 2010, we have no more than 14 observations for each fund and even if we can draw the trend of the price returns, we cannot perform a model calibration, since a larger number of data is needed to obtain a reasonable parameter estimate. For this reason, by discarding the time component, we merge all the data for each sector (retail, reserved and hedge) in order to obtain three datasets and then calibrate the mode. For completeness, we also consider the set of all funds and the subset of classical funds. We are aware that we make a restrictive and strong assumption that could lead to more variability in the returns of less risky funds and, at the same time, less variability in the returns of more risky funds. However, this is a practical way of dealing with the lack of data and obtaining a statistical consistency: as observed above an estimate with 14 observations is not reliable.
Errors between the empirical and fitted cumulative distribution function are H 0 : the values come from a normal (respectively, NIG) distribution. Figure 7 shows that the empirical density more or less deviates from the normal density and this deviation almost disappears when we use a NIG model. Figure  8 shows the tail behaviour of the estimated densities with respect to different types of funds. The probability of extreme events (both negative and positive) is lower for retail funds, and, as expected, hedge fund losses can occur with a greater probability than for other funds. The normal based model gives very small weights to large deviations from the mean. In the NIG distribution case, even if the estimate may be influenced by the small number of observations, the model calibration offers very promising results. Similar results could be obtained by considering other non-normal distributions, such as the family of tempered stable distributions (see Rachev et al. (2011) ). However, without going into technicalities, we consider the NIG distribution, since it is simpler to understand from a practical and computational point of view.
In order to evaluate (6), we assume that D t is equal to the difference between total liabilities and non-property liquid assets, and we refer to it as net liabilities. The initial value of D t (that is, D 0 ) is extracted from balance-sheet data. Liquid By considering data on the interest expenses paid by funds on their variable rate loans in 2009, we estimated the parameters α and β of the following linear function spread = α + βLevRE,
where spread is the spread over Libor paid by each fund and LevRE is the real estate leverage, that is the ratio between the property assets and net liabilities. The estimated value of α and β have been used to compute the constant interest rate r used in the Montecarlo simulation
where r IRS−3Y is the one-year moving average value of 3Y Euro Swap (at 30 June 2010 it was equal to 199.73bp), α = 85bp and β = 22bp. The equation allows us to determine, for each fund, a specific value of r. The values of α and β estimated for 2009 were used also in an update of this analysis carried out on data on 2010.
In the simulation study we compute the default probabilities defined in equation (6) by generating 500,000 paths for each single fund (the computational time is only a few seconds on a Pentium D processor-based PC). We consider three sets of parameters, one for each type of fund (retail, reserved, and hedge). Figure  9 shows possible paths of the net liabilities and of the property asset value by considering the estimate based on retail funds data. To estimate the impact of a hypothetical fall in property prices on the capital adequacy of the funds, a stress test is conducted to determine the probability that the value of real estate assets will fall below net liabilities within three years. In practice, estimates reported in Table 2 for retail, reserved and hedge funds and three possible stress parameters for the mean are considered to define three possible scenarios:
(Scenario 1) parameters in Table 2 are used without any correction to simulate the process in equation (5);
(Scenario 2) parameters in Table 2 and m = m − 0.0125 are considered to simulate the process in equation (5);
(Scenario 3) parameters in Table 2 and m = m−0.025 are considered to simulate the process in equation (5).
Scenarios (2) and (3) correspond to an additional yearly drop (in mean) of the process of 2.5 per cent and 5 per cent, respectively: in this sense, m is defined a stress parameter.
As a first step, we limit our analysis to funds operating for at least two years and which are not involved in real estate development (classical REIFs), for a total of 131 funds. In Figure 10 funds are grouped by default probabilities and by scenarios. We define 4 different groups: (1) PD equal to 0 -very low risk; (2) PD between 0 and 0.001-low risk; (3) PD between 0.001 and 0.1 -medium risk; (4) PD greater than 0.1-high risk. The two proposed models present slight differences for more risky funds with PD greater than 0.1. However, the left tail of the NIG distribution predict a greater number of possible defaults for low and medium risky funds, that is for funds with a PD between 0 and 0.1. As expected, under Scenario 3, the number of funds with PD greater than 0.1 increases.
Then, we extend the analysis to all REIFs. We find that, assuming particularly adverse property market conditions, with an annual decrease of 5 per cent for all funds with respect to the average real estate price growth value between December 2003 and June 2010, the PD of 12 funds on a total of 281 exceeds 20 per cent (very high risk).
7 There is an improvement with respect to the corresponding year-earlier period: a similar analysis with older data (June 2009) showed that the PD of 22 funds exceeded 20 per cent. The improvement in the 12-month interval between the two stress tests seems mainly linked to a leverage reduction of developing funds as a result of supervisory action.
To conclude, the analysis found that for a number of funds the capital position was vulnerable to very adverse real estate market conditions. These risk indicators have of course to be integrated with other types of information, like for example other balance sheet data or the planned structure of investments over a long horizon (available in the business plan). More importantly, it has to be integrated with day by day supervisory activity. For a review of the results of supervisory activity of REIFs in Italy in recent years, see Bank of Italy (2010a ,b, 2011a , Baldinelli (2011 ), Rinaldi (2011 ) and FSB (2011 .
Conclusions
In this paper we studied the Italian REIF industry from various perspective. First, we described the structure of the sector in the period between 2003 and 2010, by looking at property price behaviour, by computing REIF property price returns, and by constructing property return and total return indexes. The proposed indexes are computed by considering only REIF data without any other data source. Then, we analyzed some indicators that can enhance our understanding of risks and returns that characterize this sector. The performance of these investment products was satisfactory before the financial crisis, albeit with some exceptions. The recent global financial meltdown has led to shrinking net operating income, registering losses in both property values and cash flows; returns have been affected by the recession, since funds invest mainly in non-residential properties, whose value is particularly sensitive to economic performance. Furthermore, in the evaluation of the funds' future performances one has to take into account the possible differences between balance-sheet values and selling prices as a result of disinvestment.
The Italian REIF sector is studied from: (1) a financial; (2) a profitability, and; (3) a property value perspective. Balance-sheet and report data have been used to find the funds with a weak financial structure, to measure fund returns over an observed period and to estimate the probability that the property portfolio of the funds will fall below net liabilities (defined as the difference between debt and liquid assets) within three years. These three aspects can been integrated to define a risk indicator that can be useful for investment analysis and, more importantly, for surveillance purposes. As outlined in the paper, these quantitative aspects are of interest in the risk assessment process, but they must be considered as the starting point for an in-depth analysis. The selection of risky funds allows us to examine not only the REIFs but may also help evaluate the management capability of the SGRs.
In 2009 the Bank of Italy conducted a risk assessment of all Italian REIFs based on both supervisory and statistical reports and an ad-hoc data request. The purpose of the assessment was to select the riskiest funds, in order to submit them to a particularly in-depth supervision analysis. By applying two different criteria (funds with very high PD or funds showing weakness in two of the three analyses), we employed a selection process that took into account the interrelations between structural and market risks. At that time, the property position analysis allowed us to find 22 funds with a PD higher then 20 per cent.
In the work carried out with more recent data (June 2010) the empirical study showed that there were 12 funds with a PD higher then 20 per cent. The improvement in the 12-month interval between the two stress tests seems mainly linked to a leverage reduction of developing funds.
Finally, focusing on the property value analysis, the empirical analysis showed that the use of the normal based model to estimate the REIF return distribution is rejected by some classical statistical tests. A NIG based model is calibrated on historical data and used to compute a Merton type default probability. The proposed model is able to generate large shocks (positive or negative) and consequently also less leveraged funds can default, albeit with a low probability. Furthermore, Monte Carlo NIG simulation of paths has a computational cost comparable to the normal based model.
A Appendix -The normal inverse Gaussian distribution
In this section we describe the main properties of the normal inverse Gaussian (NIG) distribution. The NIG distribution introduced by Barndorff-Nielsen (1997) , belongs to the class of infinitely divisible distributions (Sato (1999) ), and has been widely used in applications to finance (Schoutens (2003) ). This random variable presents some characteristics useful in the modelling of asset returns: (1) it can capture heavy-tail and asymmetry in the distributions of returns; (2) the density function can be written in a closed-form expression; (3) it can be easily simulated; (4) it can be applied to construct option pricing models; (5) the density function has tails larger than the normal distribution but thinner than both Student-t and α-stable distributions. A NIG random variable can be defined through its characteristic function, φ N IG (u; α, β, δ, m) = exp δ α 2 − β 2 − α 2 − (β + iu) 2 + imu , (A.1) with u ∈ R, m ∈ R, δ > 0 and 0 ≤ |β| ≤ α and where α governs the tail behaviour, β controls the asymmetry, δ, m are the location and the scale parameter, respectively, and, as usual, i is the imaginary unit. By considering the characteristic function (A.1) we can compute the moments shown in Table 3 as well as the density function f N IG (x; α, β, δ, m) = αδK 1 α δ 2 + (x − m) 2 π δ 2 + (x − m) 2 exp δ α 2 − β 2 + β(x − m) (A.2) with x ∈ R and K 1 is the modified Bessel function of third order (Gil et al. (2007) 
log f (θ, r i ) (A.3) where θ is the vector of model parameters, f is the selected density function and {r 1 , ..., r T } is the set of T observations. If f has a simple analytical form, it is possible to find a maximum likelihood estimate by solving the optimization problem min θ log L(θ, {r 1 , ..., r T }).
(A.4) Alternatively, the model can be estimated by searching the parameter vector θ that minimizes the following distance, commonly known as the Kolomogorov-Smirnov statistic, KS(θ, {r 1 , ..., r T }) = max |F (r i ) −F (r i )| (A.5)
where F andF are the theoretical cumulative distribution function (CDF) and the empirical distribution function, respectively. This second approach is particularly useful for small samples.
In our empirical study we assume that the stochastic process governing the dynamic of real estate assets has the following form where X 1 (that is, X t when t = 1) is a NIG random variable with parameters (α, β, δ, 0). For the process defined in equation (A.6) the following equality holds
Note that the last addend δ α 2 − (β + 1) 2 − α 2 − β 2 is the so-called convexity correction term and if X t were a Brownian motion with parameter (0, σ), then m would satisfy the equation m = µ − σ 2 2 , where the term σ 2 2 ensures that the equation (A.7) is fulfilled.
